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ORIGINAL ARTICLE 

Modelling the health impact of environmentally sustainable 
dietary scenarios in the UK 

P Scarborough\ S Allender^ ^ D Clarke\ K Wickramasinghe^ and M Rayner^ 

BACKGROUND/OBJECTIVES: Food is responsible for around one-fifth of all greenhouse gas (GHG) emissions from products 
consumed in the UK, the largest contributor of which is meat and dairy. The Committee on Climate Change have modelled the 
impact on GHG emissions of three dietary scenarios for food consumption in the UK. This paper models the impact of the three 
scenarios on mortality from cardiovascular disease and cancer. 

SUBJECTS/METHODS: A previously published model (DIETRON) was used. The three scenarios were parameterised by fruit and 
vegetables, fibre, total fat, saturated fat, monounsaturated fatty acids, polyunsaturated fatty acids, cholesterol and salt using the 
2008 Family Food Survey. A Monte Carlo simulation generated 95% credible intervals. 

RESULTS: Scenario 1 (50% reduction in meat and dairy replaced by fruit, vegetables and cereals: 19% reduction in GHG emissions) 
resulted in 36 91 0 (30 1 92 to 43 592) deaths delayed or averted per year. Scenario 2 (75% reduction in cow and sheep meat replaced 
by pigs and poultry: 9% reduction in GHG emissions) resulted in 1999 (1739 to 2389) deaths delayed or averted. Scenario 3 (50% 
reduction in pigs and poultry replaced with fruit, vegetables and cereals: 3% reduction in GHG emissions) resulted in 9297 (7288 to 
11 301) deaths delayed or averted. 

CONCLUSION: Modelled results suggest that public health and climate change dietary goals are in broad alignment with the 
largest results in both domains occurring when consumption of all meat and dairy products are reduced. Further work in real-life 
settings is needed to confirm these results. 
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INTRODUCTION 

The UK target for climate change is to reduce greenhouse gas 
(GHG) emissions to 80% below 1990 levels by 2050^'^^' a target 
that was made legally binding by the Climate Change Act 2008.^ 
Food and drink are estimated to be responsible for around a fifth 
of all emissions for products consumed in the UK.^ Within the food 
sector, livestock production is the most damaging process to the 
environment, both in terms of GHG emissions^"^ and other 
environmental burdens, including those owing to water and land 
use and the loss of biodiversity.^'^ Modelled impact assessments of 
potential improvements in the GHG efficiency of livestock 
production have concluded that technological improvements 
alone cannot be expected to reduce the environmental burden of 
livestock to levels required in order to meet climate change 
targets.^"^° Reduction in the amount of livestock production (and 
therefore consumption) is also necessary. In their fourth carbon 
budget, the Committee on Climate Change (CCC) — established 
under the Climate Change Act to advise the UK Government on 
how it can meet its targets for GHG emissions — estimated the 
impact on GHG emissions and land use of three counterfactual 
dietary scenarios in which the amount and type of meat and dairy 
that is consumed in the UK is substantially altered," and 
concluded that 'there is a clear scope for emissions reduction 



owing to changed consumption, and net of any (increased) 
emissions owing to land-use change'.^^ 

There is growing evidence of a link between high consumption 
of meat and poor health outcomes.^ This relationship may be 
because of high saturated fat content in animal products, high salt 
levels in processed meat or high consumption of meat limiting the 
consumption of fruit, vegetables and cereals, which have health- 
promoting properties. Reviews of prospective cohort studies 
suggest that dairy products have a small protective effect on 
cardiovascular diseases,^^ colorectal cancer^"^ and possibly on 
weight gain.^^ Recently, there have been calls for a reduction in 
meat consumption for the joint benefits of public health and 
environmental sustainability.^^ The Director General of the World 
Health Organization, Margaret Chan, has written about the public 
health benefits of reduced consumption of animal products in 
developed countries,^^ and the Swedish Government has 
amended dietary recommendations to state that To eat less 
meat, and to choose what you eat with care is... the most effective 
environmental choice you can make. From a health perspective, 
there is also no reason to eat as much meat as we do today'.^^ This 
evidence is yet to convince the UK Government, whose advice on 
achieving an environmentally sustainable diet does not mention 
the impact of meat, and whose advice on achieving a healthy and 
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sustainable diet entirely consists of directing consumers to 
seasonably produced fruit and vegetables."^^ 

This paper models the impact of the CCC dietary scenarios on 
the number of deaths from coronary heart disease, stroke and 
cancer in the UK, allowing for an assessment of what form of meat 
and dairy reduction would be most beneficial to public health and 
sustainability. Scenario 1 is a reduction in consumption of all meat 
and dairy products, replaced with fruit, vegetables and cereals. 
Scenario 2 is a shift from consumption of cow and sheep meat to 
pigs and poultry. Scenario 3 is a reduction in consumption of pigs 
and poultry, replaced with fruit, vegetables and cereals. The 
environmental impacts of these three scenarios have previously 
been quantified. The results in this paper answer three 
questions: What scenario of meat and dairy reduction would 
have the biggest impact on chronic disease mortality? What 
changes in the diet are the main drivers of this impact? Are 
environmentally sustainable dietary goals in alignment with public 
health goals? 



MATERIALS AND METHODS 

The CCC dietary scenarios are described in Table 1, using comparison with 
the UK diet in 2005 as baseline (for example, scenario 1 has meat 
consumption at 36% of the consumption of meat in 2005). The substitution 
between food categories that is explicit in the scenarios was based on the 
assumption that a constant food energy supply would require an increase 
in fruit, vegetables and cereals to balance a reduction in meat and dairy 
consumption, and the level of substitution was based on food energy at 
the commodity level from UK food balance sheets. Scenario 1 (50% 
reduction in meat and dairy) was subjected to expert opinion, which 
suggested that the scenario was viable from a nutritional perspective." 
Scenario 1 has the largest environmental impact, resulting in a 19% 
reduction in GHG emissions and a 42% reduction in land use for foods 
consumed in the UK. 

The DIETRON model^^ was used to estimate the annual number of 
deaths from coronary heart disease (CHD), stroke or cancers of the mouth, 
larynx and pharynx, oesophagus, stomach and lung that would be delayed 



or averted in the UK under each dietary scenario. A full description of the 
development, parameterisation and assumptions supporting the DIETRON 
model is available in an appendix of a previously published open-access 
article.^^ Briefly, the DIETRON model uses age- and sex-specific estimates 
of relative risk drawn from meta-analyses of trials, cohort studies and case- 
control studies, to estimate the impact on chronic disease mortality of 
counterfactual population dietary scenarios. The dietary input data for 
the model are consumption of: total energy (kcal/day); fruit (g/day); 
vegetables (g/day); fibre (g/day); total fat (% total energy); monounsatu- 
rated fatty acids (% total energy); polyunsaturated fatty acids (% total 
energy); saturated fatty acids (% total energy); trans fats (% total energy); 
dietary cholesterol (% total energy); salt (g/day). The model combines risk 
estimates multiplicatively, and the conceptual framework has been 
designed to minimise the chance of double counting. The model can 
estimate the combined impact of changing a range of dietary factors 
simultaneously, and also estimate the impact of changing each dietary 
factor individually. This allows for an assessment of the 'overlap' in each 
counterfactual scenario: the impact of changing each dietary factor 
simultaneously is less than the sum of changing each factor individually. 

Nutritional quality of baseline diets and counterfactual scenarios 
The baseline diet (that is, measures of the average nutritional quality of the 
current diet in the UK) was taken from the 2008 Family Food Survey (FFS), 
which collects data on food purchases from a representative sample of UK 
households.^^ To construct the counterfactual dietary scenarios, each of 
the 256 food categories identified in the FFS were classified as one of the 
categories identified in the scenarios (for example, the FFS category 
'processed cheese' was assigned to the 'Milk and eggs' CCC category). The 
proportional increase or decrease in consumption of each of the CCC food 
categories was then applied in accordance with the scenarios, under the 
assumption that the pattern of food consumption within each category 
would be the same (for example, that reductions in dairy consumption 
would be achieved by equal reductions of skimmed milk, whole milk, 
butter etc). Examples of categorisation include: fish (other foods); cakes 
and pastries (cereals/ potatoes); pizzas (other foods). 

All counterfactual diets were rescaled so that the total energy intake was 
the same as for the baseline diets. It was not possible to obtain data on 
trans fats levels for either the modelled scenarios or the baseline diets, 
because trans fats are not recorded in the FFS, so throughout, we have 



Table 1. CCC dietary scenarios from the fourth carbon budget 

CCC Scenario Dietary definition Estimated environmental impact 

Food consumption (% of 2005 levels) 



Scenario 1: 

'A 50% reduction in livestock product supply 
balanced by increases in plant commodities'? ' 



Scenario 2: 

'A shift from red (for example, beef and sheep meat) 
to white (pigs and poultry meat), with no overall 
reduction in livestock consumption'.^'^ 



Scenario 3: 

'A 50% reduction in white meat supply balanced by 
increases in plant commodities'.^^ 



Milk and eggs 


60 


Meat 


36 


Sugar 


70 


Vegetables/fruits 


160 


Cereals/potatoes 


133 


Vegetable oils (not palm) 


133 


Other groups^ 


100 


Milk and eggs 


100 


Cow and sheep 


25 


Pig and poultry 


145 


Sugar 


100 


Vegetables/ fruit 


100 


Cereals/potatoes 


100 


Vegetable oils (not palm) 


100 


Other groups^ 


100 


Milk and eggs 


100 


Cow and sheep 


100 


Pig and poultry 


50 


Sugar 


90 


Vegetables/fruit 


110 


Cereals/potatoes 


110 


Vegetable oils (not palm) 


110 


Other groups^ 


100 



19% reduction in UK agriculture GHG emissions, 
and 42% reduction in land use compared with 2008 
baseline^ 



9% reduction in UK agriculture GHG emissions, 
and 39% reduction in land use compared with 2008 
baseline"^ 



3% reduction in UK agriculture GHG emissions, 
and 4% reduction in land use compared with 2008 
baseline"^ 



Abbreviations: CCC, Committee on Climate Change; GHG, greenhouse gas. ^Other groups include: beer, wine, beverages, cocoa, palm oil and fish. '^Includes 
changes in GHG emissions and land use for agriculture both within and outside of the UK that is associated with food consumed in the UK. 
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assumed that trans fat intake would remain constant at 1.6g/day, the 
average level of consumption in the UK in 2008/09.^° 

Age- and sex-specific number of deaths from CHD, stroke and cancer for 
the whole of the UK in 2008 were provided by the Office for National 
Statistics and General Register Offices of Scotland and Northern Ireland. 

Comparison with data from the National Diet and Nutrition Survey 
(NDNS) 

Estimates of dietary quality derived from food purchase data are limited, as 
they do not take account of wastage within the household. Therefore, the 
baseline diet used in the analyses was compared with the diet of the 
adult population (aged 19-64) of Great Britain derived from the NDNS in 
2000/01 .^^ The NDNS uses weighed 7-day food diary data to assess dietary 
quality of a representative sample of participants. After excluding 
participants who reported implausible energy consumption (<1000kcal/ 
day (n = 104) or >3000 kcal/day (n = 47)), the average dietary quality of 
the remaining 1573 participants was calculated. Additionally, the NDNS 
was used to assess the plausibility of the CCC scenarios, by identifying a 
subsample of the NDNS that currently achieves similar meat and dairy 
consumption levels as described in CCC scenario 1, and assessing the 
consumption of fruit, vegetables and cereals in this subsample. 

Uncertainty analysis 

A Monte Carlo simulation was performed to estimate 95% credible 
intervals around the results. These credible intervals are based on the 2.5th 
and 97.5th percentiles of results generated from 5000 iterations of the 
DIETRON models, where the estimates of relative risks used to 
parameterise the model were allowed to vary stochastically according to 
the distributions reported in the literature. 



RESULTS 

Table 2 shows the nutritional quality of the baseline diets and 
counterfactual scenarios. All of the scenarios showed an increase 
in fruit and vegetable consumption — increases of 63% for scenario 1, 
1% for scenario 2 and 13% for scenario 3. The counterfactual 
scenarios also showed a decrease in saturated fat and salt 
consumption, although these decreases were small. Micronutrient 
intake generally seems similar in the counterfactual scenarios, with 
the exception of a large drop in vitamin B12 in scenario 1. 

In 2008, there were 226 743 deaths from CHD, stroke or diet- 
related cancers in the UK. The dietary scenario that would have 
the largest impact on deaths from CHD, stroke and cancer was 
scenario 1 , which would result in 36 91 0 deaths delayed or averted 
(95% credible intervals: 30192 to 43 592). This was followed by 
scenario 3 with 9297 (7288 to 11 301) deaths delayed or averted, 
then scenario 2 with 1999 (1739 to 2389) deaths delayed or 
averted. For each of the scenarios, the biggest impact was on 
deaths from CHD (Figure 1). Full results described by condition, 
age and sex are presented in the Supplementary Table. 

For scenario 1, the largest contributor to deaths delayed or 
averted was increased fruit and vegetable consumption, which 
accounted for 27 866 (21 254 to 33 878) deaths delayed or averted. 
In contrast, reductions in salt consumption and changes in the 
fatty acid composition of the diet would have much smaller 
influences. A similar pattern for deaths delayed or averted and 
changes in nutrient intakes was predicted for scenario 3, where 
pigs and poultry were replaced by fruits, vegetables and cereals. 
The only scenario that did not involve a large increase in fruit and 
vegetable consumption was scenario 2 (a switch from cow and 
sheep meat to pigs and poultry). This resulted in a modest number 
of deaths delayed or averted, mostly from the change in fatty acid 
composition (983 (763 to 1312) deaths delayed or averted). 

The baseline diet from the FFS (used in the modelling) was 
similar to that from the NDNS (Table 3) in most regards, with 
slightly higher overall consumption recorded in the FFS than in 
the NDNS. However, the FFS suggested a substantially higher fruit 
and vegetable intake (290g/day) than measured in the NDNS 
(203g/day). The subsample of the NDNS that achieved similar 



Table 2. Nutritional quality of baseline and modelled diets 





Baseline — 


CCC 


CCC 


CCC 




FFS 2008"" 


scenario 1 


scenario 2 


scenario 3 


Energy (kcal/day) 


1966 


1966 


1966 


1966 


Total fat (g/day) 


86.1 


81.5 


83.7 


86.1 


SAFAs (g/day) 


33.8 


29.7 


32.5 


33.5 


MUFAs (g/day) 


31.5 


29.7 


30.5 


31.3 


PUFAs (g/day) 


15.2 


16.7 


15.3 


15.7 


Cholesterol (mg/day) 


227 


153 


220 


211 


Fibre (g/day) 


13.5 


17.7 


13.5 


14.8 


Salt (g/day) 


6.2 


6.0 


6.1 


6.1 


Fruit and 


290 


473 


294 


328 


vegetables (g/day) 










Iron (mg/day) 


10.5 


11.8 


10.0 


11.1 


Calcium (mg/day) 


904 


854 


908 


943 


Zinc (mg/day) 


8.3 


7.4 


7.6 


8.4 


Riboflavin (mg/day) 


1.7 


1.5 


1.7 


1.8 


Vitamin A (|ig/day) 


799 


727 


731 


812 


Vitamin D (|ig/day) 


2.7 


2.3 


2.6 


2.6 


Vitamin B12 (|ig/day) 


5.8 


3.9 


5.2 


5.7 



Abbreviations: CCC, Committee on Climate Change; FFS, Family Food 
Survey; MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty 
acids; SAFAs, saturated fatty acids. ^Baseline diet refers to estimate of 
current UK population average diet from the 2008 Family Food Survey. 



40,000 



10,000 ' 




Figure 1. Number of deaths (total and cause-specific) delayed or 
averted per year by dietary scenarios compared with baseline diets. 



levels of meat and dairy consumption as required for scenario 1 
consumed 81% more fruit and vegetables and 18% more cereals 
and potatoes than the full NDNS sample. This suggests that 
individuals who currently consume meat and dairy at a level 
described in scenario 1 do compensate by consuming greater 
quantities of fruit, vegetables and cereals (Table 4). 



DISCUSSION 

Although it has previously been assumed that public health and 
environmental sustainability goals for the food system may be 
similar,^'^^'^^ these results are the first to test that assumption by 
quantifying the impact of reduced meat scenarios on both GHG 
emissions and health outcomes robustly. The results reveal 
synergies between the two domains: for each of the CCC dietary 
scenarios, the DIETRON model predicted a positive impact on 
cardiovascular and cancer mortalities. But the results also reveal 
tensions: a switch from consumption of cows and sheep to pigs 
and poultry would have a substantial impact on GHG emissions 
associated with UK food consumption (9% reduction in 
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Table 3. Comparison of diets of population of the UK, as measured by 
the FFS 2008 and NDNS 2000/01 







NDNS^ 


Energy (kca I/day) 


1966 


1806 


Total fat (% energy) 


39.4 


36.3 


SAFAs (% energy) 


15.5 


13.8 


MUFAs (% energy) 


14.4 


12.0 


PUFAs (% energy) 


7.0 


6.4 


Cholesterol (mg/day) 


227 


255 


Fibre (g/day) 
Salt (g/day)"^ 


13.5 


13.9 


6.2 


6.9 


Fruit and vegetables (g/day) 


290 


203 



Abbreviations: FFS, Family Food Survey; MUFAs, monounsaturated fatty 
acids; NDNS, National Diet and Nutrition Survey; PUFAs, polyunsaturated 
fatty acids; SAFAs, saturated fatty acids. ^Estimates derived from food 
purchase data and are not adjusted for wastage in the home. Survey 
population — adults and children of all ages, UK, Survey year — 2008. 
"^Estimates derived from 7-day-weighed food diaries. Participants reporting 
consumption outside the range of 1000-3000 kcal/day removed. Estimates 
based on 1573 participants. Survey population — adults aged 19-64, Great 
Britain. Survey year— 2000/01. ^Estimated from salt levels in purchased 
or consumed foods and does not include salt added during cooking or 
at the table. 



Table 4. Comparison of modelled food production in CCC scenario 1 
(low meat and dairy consumption) with food consumption by low 
meat and dairy consumers from the National Diet and Nutrition 
Survey 2000/01 




CCC scenario 7 


Low meat and 
dairy consumers^ 


Comparison witli 
2005 production 
levels (%) 


Comparison 
with 2000/01 
consumption levels (%) 


Milk and eggs 


60 


64 


Total meat 


36 


35 


Sugar 


70 


116 


Fruit and vegetables 


160 


181 


Cereals and potatoes 


133 


118 


Vegetable oils 


133 


146 


(not palm) 






Other 


100 


113 



Abbreviation: CCC, Committee on Climate Change. ^Participants in the 
National Diet and Nutrition Survey 2000/01 whose diet consisted of 
approximately 60% of the average consumption of milk and eggs, 
and 36% of the average consumption of total meat in comparison to 
the whole sample. After removal of participants who reported total 
consumption outside the range of 1000-3000 kcal/day, there were 99 low 
meat and dairy consumers, who were compared with the full sample of 
1573 participants. 



connparlson with 2005), but very little innpact on chronic disease 
deaths. By assessing these synergies and tensions, we are able to 
present evidence-based advice about dietary reconnnnendations 
ainned at reducing both environnnental innpact and deaths fronn 
chronic disease. According to these results, such reconnnnenda- 
tions should encourage reduced consunnption of all nneat and 
dairy products and substitution with fruit, vegetables and cereals. 
However, further work should be ainned at verifying the health 
benefits of reducing nneat and dairy consunnption in real-life 
settings, and addressing the effect of reduced nneat and dairy 
consunnption on nnicronutrient consunnption in vulnerable 
subgroups of the population. 

The dietary scenarios nnodelled in this paper were designed by 
the CCC to assess the innpact of changes in food consunnption in 

© 2012 Macmillan Publishers Limited 



the UK on GHG ennissions and land use. The scenarios were not 
designed to be targets or goals for future consunnption. Scenario 1 
(the nnost effective scenario for both public health and environ- 
nnental sustainability) represents a substantial change fronn the 
current pattern of consunnption in the UK, and if it were adopted 
as a target, then it would be a considerable challenge for nnost 
consunners and indeed producers of food. However, the connpar- 
ison with diets achieved in the NDNS presented in Table 3 suggest 
that people who consunne a considerably lower annount of nneat 
and dairy products than the UK average do connpensate by eating 
larger announts of fruits, vegetables and cereals in quantities 
connparable to those outlined in scenario 1. Therefore, although 
nnoving the population to this diet nnay be difficult, there are 
already individuals within the UK (around 6% of the NDNS sannple) 
consunning a sinnilar, achievable diet. 

There have been at least two other assessnnents of the health 
innpact of achieving environnnentally sustainable diets reported in 
the literature. A series of dietary scenarios designed to feed an 
enlarged world population in 2050 equitably^^ — which also would 
require considerable reductions in nneat and dairy consunnption — 
were subjected to sinnilar nnodelling techniques, and sinnilar results 
were found, nannely that a substantial reduction in nneat and dairy 
consunnption in the UK coupled with increases in fruit, vegetable 
and cereal consunnption would produce considerable reductions 
in cardiovascular and cancer nnortalities.^"^ Friel et alP estinnated 
that a 30% reduction in consunnption of nneat and dairy would 
result in a reduction of 18 000 prennature deaths due to CHD. Friel 
et al.^^ estinnated that the 30% reduction in nneat and dairy would 
result in a 30% reduction in saturated fat and dietary cholesterol 
that would be replaced by polyunsaturated fatty acids, which 
would reduce CHD nnortality via reductions in blood cholesterol, 
whereas our analysis suggests that the nnost innportant factor 
would be increased fruit and vegetable consunnption. Our results 
initially appear to be in conflict with the epidenniological evidence 
of the innpact of nneat consunnption on cardiovascular disease — 
recent nneta-analyses suggest only nnodest associations between 
total nneat intake and CHD, diabetes and stroke.^° However, the 
ainn of the nneta-analyses was to find the independent innpact of 
nneat consunnption — that is, the effect on cardiovascular disease of 
changing nneat consunnption but keeping other dietary factors 
constant. Our analyses do not keep other dietary factors 
constant — reductions in nneat are acconnpanied by big increases 
in fruit, vegetables and cereals. Table 5 dennonstrates that the 
health innpact associated with reductions in saturated fat and salt 
intake (due prinnarily to reductions in nneat consunnption) is nnuch 
snnaller. 

The DIETRON nnodel used for this analysis produces robust 
estinnates of the health innpact of changes in dietary quality, and is 
the nnost connprehensive nnodel currently available for assessing 
the innpact of dietary change on chronic disease nnortality. The 
Monte Carlo analysis allows for an estinnation of the uncertainty in 
the results that is a result of uncertainty in the strength of the 
association between dietary factors and health outconnes, but this 
is not the only source of uncertainty in the nnodelling process — 
other sources include uncertainty regarding baseline nutritional 
quality of the UK diet and uncertainty associated with assunning 
log-linear relationships between exposures and outconnes — so the 
degree of uncertainty in the results is underestinnated. Results of 
nnodelling can only provide a hypothetical estinnate of the change 
in nnortality that would result with sustained consunnption of a 
different diet with no other lifestyle changes. The innplied causality 
in the results of this paper (that is, reducing nneat and dairy 
consunnption in the UK would cause reduced cardiovascular 
disease and cancer nnortality rates) should be questioned. For 
exannple, the nnodel is paranneterised by nneta-analyses of 
observational studies, and it is therefore not possible to rule out 
the possibility of residual confounding. Additionally, it is not clear 
whether the diet of the population would adjust to reduced nneat 
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Table 5. Total deaths delayed or averted per year by nutritional 


changes in the dietary scenarios compared with baseline diets 




Deaths averted 


95% Credible 




or delayed 


intervals 


Scenario 1 






Fruits and vegetables 


27 866 


21 254-33 878 


Fibre 


7470 


3275-1 1 423 


Fats 


2847 


2351-3653 


C-.I4- 

balt 


658 


539-776 


All dietary components 


36910 


30192-43 592 


Scenario 2 






Fruits and vegetables 


694 


526-871 


Fibre 


0 


0-0 


Fats 


983 


763-1312 


Salt 


330 


271-389 


All dietary components 


1999 


1 739-2389 


Scenario 3 






Fruits and vegetables 


6408 


4882-7998 


Fibre 


2383 


1066-3750 


Fats 


289 


241-367 


Salt 


330 


271-389 


All dietary components 


9297 


7288-1 1 301 


Note: estimates for each dietary component are the change that would 


result if only the individual component changed in 


the counterfactual 


scenario. The 'all dietary components' rows are less than the sums of the 


individual dietary components as double counting has been accounted 


for in the modelling process. 







and dairy consunnption by increasing fruit, vegetable and cereal 
consunnption as suggested by the dietary scenarios. Sinnilarly, the 
effects of reduced nneat and dairy production on GHG ennissions 
relies on the assunnption that nneat and dairy products will be 
replaced in the diet by fruit, vegetables and cereals. 

A particular linnitation to this analysis is that it does not take 
account of the health effects of nutrient deficiencies that nnay 
result fronn a reduction in nneat and dairy consunnption. An in- 
depth report on the nnicro-nutritional challenges of reducing nneat 
and dairy consunnption in the UK suggested that deficiency in 
zinc, calciunn, iodine, vitannin B12 and riboflavin are likely to 
increase, unless nnet with public health advice on alternative 
dietary sources of these nutrients.^^ The nnodelled dietary 
scenarios presented in Table 2 suggest that levels of iron, 
calciunn, zinc, riboflavin, vitannin A and vitannin D in the UK will 
not be affected severely, but consunnption of vitannin B12 nnay be. 
These results are linnited (for exannple, it is not clear to what 
degree the substituted nnicronutrients are bioavailable; levels 
of consunnption in vulnerable subpopulations have not been 
considered) and the issue requires further specialised investi- 
gation. In our nnodelled scenarios, all types of nneat and dairy 
products were equally likely to be replaced. If, in contrast, less 
healthy versions of nneat and dairy products (for exannple, full-fat 
nnilk) were nnore likely to be rennoved fronn the diet than healthier 
versions, then the results will underestinnate the health innpact of 
the dietary scenarios. To our knowledge, it is not known whether 
this is a nnore likely situation, so we chose to nnodel the nnore 
conservative approach. 

The nnodelling presented here relied on a survey of food 
purchase data for input data on the current UK diet. Although our 
connparison with NDNS food and nutrient intake data (Table 3) 
suggests that the baseline diet estinnates are reasonably valid, it 
does suggest that current UK fruit and vegetable consunnption 
nnay have been overestinnated. This is likely to be the case, as 
household wastage of fruit and vegetables is higher than that for 
other food categories.^^ This nnay have resulted in sonne 
overestinnation of the health innpact of achieving the dietary 
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scenarios. However, nnore recent data fronn the first 2 years of 
rolling data collection for the NDNS shows a higher level of fruit 
and vegetable consunnption in the UK, partially because of 
inclusion of fruit and vegetables in connposite dishes within its 
calculation. In 2008/10, the nnean consunnption for adults aged 
19-64 years was 288g/day.^^ The DIETRON nnodel assunnes that 
past dietary consunnption patterns have no effect on risk of 
disease, which is clearly an oversinnplification likely to result 
in Sonne overestinnation of the benefits of dietary change. 
But there are two reasons why the results presented here are 
likely to be an underestinnate of the true innpact of reduced nneat 
and dairy consunnption on CHD, stroke and cancer nnortalities: 
first, we did not include in the nnodel the association between 
red nneat/processed nneat consunnption and colorectal cancer^^ 
because of concerns of double counting; second, we assunned 
there would be no change in total energy intake (and hence 
body weight) associated with lower nneat and dairy intake, 
but nneat and dairy products are energy-dense foods and it 
has been suggested that high nneat consunnption is associated 
with raised BMI.^^ 

This paper is a contribution to the growing literature that 
considers the twin challenges of public health and clinnate 
change.^^ Further work should also consider the innpact of 
changes in diet on nnacro-econonnics, both of developed and 
developing countries. Recent work has suggested that reductions 
in the consunnption of nneat and dairy products in the UK would 
have a linnited innpact on the UK econonny, but a considerable 
negative innpact on the econonny of Brazil.^° There nnay be sinnilar 
negative innpacts to the econonnies of developing countries that 
rely heavily on the production of livestock, which currently 
supports ainnost a billion of the world's poorest people."^^ Future 
work should also explore interventions that could potentially lead 
to a reduction in nneat and dairy consunnption in the developed 
world. It has been suggested that rennoval of subsidies for 
livestock production would be helpful"^^ and that nnarket-based 
initiatives (pricing of externalities — for exannple, carbon and other 
GHGs — via carbon taxes or cap-and-trade schennes) would be the 
nnost effective and efficient systenn.^^ 
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